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eTable 1. Representative Selection of Studies of ASD Heritability. 

 Twin Study Family Study Other  

Selected 
studies 

Steffenburg et al., 19891 
Bailey et al., 19952 

Le Couteur et al., 19963 
Ronald et al., 20064 
Taniai et al., 20085 

Lichtenstein et al., 20106   
Hallmayer et al., 20117  

Nordenbæk et al., 20148 
Frazier et al., 20149 

Colvert et al., 201510 

Sandin et al., 2014, 201711,12 
Yip et al., 201813 

Gaugler et al., 201414 
Pettersson et al., 201815 

Population Nordic regions 
(Denmark, Sweden, 

Finland, Iceland, 
Norway), United 

Kingdom, Japan, United 
States 

Sweden Sweden 

Statistical 
method 

Multifactorial threshold 
model (Falconer, 1965); 
Tetrachoric correlation; 

structural equation 
models 

Liability-threshold models SNP-based heritability* 

Sample 
size, 
minimum-
maximum 

Pairs: 21-7,982 Individuals: 776,212 - 
2,049,973 

Individuals: 3,046 - 46,350 
SNPs: 46,350 - 531,906 

Heritability 
estimate, 
minimum-
maximum 

21% - 99% 83% - 84.8% 12% - 52.4% 

 
Notes: * The SNP-based estimates can only provide a lower bound for the heritability16. 

Studies in this table were selected based on the authors’ knowledge only and should not be 
considered as a full systematically reviewed.    
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eAppendix 1: Cohort Population, Outcome Ascertainment and Covariates 

Information 

Cohort population 

The study cohort was created by including live born singletons identified from medical birth registers 

in five countries: Denmark, Sweden, Finland, Israel, and Western Australia. For Denmark, Sweden, 

Finland and Western Australia, we included all births between 1st January 1998 and 31st December 

2007. For Israel we included all live births between 1st January 2000 and 31st December 2011 from 

offspring of a Jewish cohort including all persons born 1922 to 1947 and who immigrated to Israel 

from Europe after 194517. We excluded twins and multiple births because we did not have information 

about their zygosity.  In Sweden, we obtained information about which individuals were full, half 

siblings, or cousins from the Swedish Multi-Generation Register18. For Denmark19,20, and Finland21,22 

corresponding information was derived from the Medical Birth Registers, and for Western Australia23,24 

from the Western Australia Birth Registry. For Israel, we identified sibling relations and cousins from a 

cohort including all persons born 1922 to 1947 and who immigrated to Israel from Europe after 194517, 

made available by the ‘Family Registry’ of the Israel Ministry of the Interior.  

Outcome ascertainment 

Denmark, Finland, Sweden and Israel provided clinically ascertained diagnoses from national patient 

registers while the data from Western Australia was obtained from a government provided service and 

benefits register with clinically ascertained autism diagnoses. The individuals were followed for a 

diagnosis of ASD from birth up to 31-Dec-2014 in Sweden, 31-Dec-2013 in Denmark, 31-December-

2012 in Finland, 31-December-2014 in Israel, 01-July-2011 in Western Australia. Case ascertainment, 

and details on the reliability and validity of reported diagnoses have been published previously for all 

included populations25.  

ASD and AD code assignment for MINERvA network: 

If multiple codes are specified for a child, the code selected on the basis of the algorithm: 

• if ever Rett’s or Childhood Disintegrative Disorder (CDD), then assign Rett or CDD 

• if never Rett’s or CDD, then 

o AD: Autistic disorder is subtype if EVER received this diagnosis (disregard other ASD 

subtype diagnoses) 
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o Asperger’s: If NEVER AD AND ever had Asperger disorder, then assign ASPERGER’S 

DISORDER (ASP) diagnosis (disregard other ASD subtypes) 

o PDD-NOS: if NEVER AD, and NEVER ASP, and EVER (PDD-NOS OR ATYPICAL 

OR OTHER PDD) then assign PDD-NOS 

o If assigned both International Classification of Diseases (ICD)-9 and ICD-10 diagnosis 

codes, then assign ICD-10 code 

If the classification derives from educational sources and does not reflect an ICD/DSM diagnostic 

code: set ASD_CODE to the most specific diagnosis according to hierarchy above, choosing the most 

specific diagnosis supported by the system using the following codes: Autism (general ASD) = 999.0, 

Autistic Disorder =999.1, PDD-NOS=999.2, Asperger’s =999.3. Set ASD type unknown. 

Children with no qualifying diagnosis of ASD or AD will be assigned ASD=0. 

Covariates 

We obtained information about year of birth and sex of the child from the medical birth registers in 

Sweden, Denmark and Finland and from the Ministry of the Interior in Israel. In Western Australia, the 

information comes primarily from the Western Australia Midwives Notification System and from the 

Western Australia Birth Registry23,24 when data was missing in the former. We reported and compared 

birth year in two cohorts: 2003-2007 vs. 1998-2002 except for Israel, we reported and compared birth 

year cohort 2006-2011 vs. 2000-2005. Israel sample is different from other countries as it’s followed-

forward from the origin cohort and selected their offspring born between 2000 and 2011, which has low 

missing information on relativeness relations.   
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eTable 2. Data Source and Outcome Ascertainment Information across Sites. 

 Denmark Finland Sweden Israel Western 

Australia 

Data source Medical Birth 

Registers 

Medical 

Birth 

Registers 

Swedish 

multi-

generation 

register 

‘Family Registry’ of 

the Israel Ministry of 

the Interior and 

Ministry of Health 

WA Birth 

Registry 

Source 

population 

All births 

between 1st 

January 1998 

and 31st 

December 

2007 

All births 

between 1st 

January 

1998 and 

31st 

December 

2007 

All births 

between 1st 

January 1998 

and 31st 

December 

2007 

All births between 1st 

January 2000 and 31st 

December 2011 from 

offspring of a cohort 

including all persons 

born 1922 to 1947 

and who immigrated 

to Israel from Europe 

after 1945 

All births 

between 

1st January 

1998 and 

31st 

December 

2007 

Follow-up 

date for 

diagnosis 

31-Dec-2013 31-Dec-2012 31-Dec-2014 31-Dec-2014 01-July-

2011 

Diagnosis 

system 

1969-1993: 

ICD-8; 1994-

2013: ICD-10 

1987-1995 

ICD-9; 1994-

2014 ICD-10 

1987-1997: 

ICD-9, from 

1997: ICD-10 

Before age 3: In-

person diagnosis is 

made by child 

psychiatrists or 

pediatric neurologists 

with an expertise in 

neurodevelopmental 

disabilities26.  

After age 3: DSM-V 

(after 2013)/DSM-IV 

(before 2013) plus a 

committee with an 

expert plus various 

psychometric test27. 

Before 

1994: DSM-

IIIR; 1994-

2000: DSM-

IV; 2000-

2014: DSM-

IV-TR 

Note: WA: Western Australia; ICD: International Statistical Classification of Diseases; DSM: Diagnostic and 
Statistical Manual of Mental Disorders. 
For Sweden, diagnosis was given by treating physician, usually a specialist with child psychiatry.  
For Israel, using of DSM-V/DSM-IV is depended on clinical impression.  
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eTable 3. ASD Diagnoses under Various Diagnostic Systems and MINERvA Categories. 

Diagnostic 

System 

ICD-8 ICD-9 ICD-10 DSM-IV 

Associated 

Codes 

299.00/01/02/03 

(Psychosis; used 

in Denmark to 

indicate autism) 

299.0 (Infantile 

Autism) 

299.1 (Childhood 

disintegrative 

psychosis) 

299.8 (Other) 

(note: should 

include Asperger 

Syndrome and 

Other PDD) 

299.9 

(unspecified) 

(note: should 

include PDD-

NOS). 

F84.0 (Childhood 

Autism)  

F84.1x (Atypical 

Autism)  

F84.5 (Asperger 

Syndrome)  

F84.8 (Other PDD) 

F84.9 (PDD-NOS) 

F84.2 (Rett 

Syndrome) 

F84.3(Childhood 

Disintegrative 

Disorder (CDD) 

299.1 (Autistic 

Disorder) 

299.2 (Childhood 

Disintegrative 

disorder (CDD)) 

299.8 (Rett 

Syndrome) 

299.8 (Asperger 

Syndrome) 

299.8 (PDD-NOS) 

MINERvA CODE  299.00 (AD) 

299.02 (ASP) 

299.01/03 (PDD-

NOS) 

299.0 (AD) 

299.8 (ASP) 

299.9 (PDD-NOS) 

F84.0 (AD) 

F84.5 (ASP) 

F84.9/F841.x/F84.8 

(PDD-NOS) 

299.0 (AD) 

299.8 (ASP) 

299.8 (PDD-NOS) 

MINERvA 

ASD_TYPE 

0 (No ASD)  

1 (AD autistic 

disorder)  

2 (Asperger) 

3 (PDD-NOS) 

4 (ASD type 

unknown) 

0 (No ASD)  

1 (AD autistic 

disorder)  

2 (Asperger) 

3 (PDD-NOS) 

4 (ASD type 

unknown) 

0 (No ASD)  

1 (AD autistic 

disorder)  

2 (Asperger) 

3 (PDD-NOS) 

4 (ASD type 

unknown) 

0 (No ASD)  

1 (AD autistic 

disorder)  

2 (Asperger) 

3 (PDD-NOS) 

4 (ASD type 

unknown) 
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eAppendix 2: Statistical Methods 

Statistical models 

We used Generalized Linear Mixed Effect Models (GLMM)28 to estimate genetic and environmental 

effects on the liability for Autism Spectrum Disorder (ASD) and Autistic Disorder (AD). As mentioned 

in the main text, the unit of analysis is the four types of ‘families’ defined by relativeness. For a 

‘family’ i among the total number of ‘families’ (N) of our study, let 𝑦𝑖 ≡ (𝑦𝑖1, … , 𝑦𝑖𝑛𝑖
) be the vector of 

binary outcomes 𝑛𝑖 (up to six) members, for i = 1, … , N. All ‘families’ are assumed to be independent. 

Let 𝑥𝑖 , … , 𝑥𝑁 be the covariate matrices for each family, each of size 𝑛𝑖 × 𝑝, where 𝑝 is the probability. 

Conditional on the random effect 𝑏𝑖, we assume 𝑦𝑖𝑗 to be an independent Bernoulli event with 

probability 𝑝𝑖𝑗, following: 

 Φ−1(𝑝𝑖𝑗) = 𝑥′𝑖𝑗𝛽 + 𝑧′𝑖𝑗𝑏𝑖 (1) 

where 𝛽 is a p-vector of intercept and fixed regression parameters (sex and birth year cohort in this 

study). The random parameter 𝑏𝑖 captures the dependencies between members in the ‘family’; the 

design vector 𝑧𝑖𝑗 shows the contribution of 𝑏𝑖 to the outcome and Φ() is the normal distribution 

function. We assume 𝑏𝑖 to be normally distributed with mean zero and variance 𝐷𝑖(θ), where θ 

contains all the variance component parameters. 

In the saturated model, we separated the genetic and environmental effects into four variance 

components: 𝐴𝑖 - the additive genetic effect, 𝐶𝑖 - the shared environmental effect, 𝑀𝑖 - the maternal 

effect, and 𝑒𝑖 - the non-shared environmental effect (error residuals): 

 Φ−1(𝑝𝑖𝑗) = 𝑥𝑖𝛽 + 𝐴𝑖 + 𝐶𝑖 + 𝑀𝑖 + 𝑒𝑖 (2) 

where 𝐴𝑖~𝑁(0, 𝜎𝐴
2𝑅𝐴), 𝐶𝑖~𝑁(0, 𝜎𝐶

2𝑅𝐶), 𝑀𝑖~𝑁(0, 𝜎𝑀
2 𝑅𝑀) and  𝑒𝑖~𝑁(0, 𝜎𝑒

2𝑅𝑒);  𝜎2 denotes variance 

component for each random effect, and R denotes respective the correlation matrix for each 

component. We assumed independence for each effect and between different ‘families’. The correlation 

structure for each component is illustrated in eTable 4. Details on how to generate the correlation 

matrices and examples see Pawitan et al.29. We assumed full siblings share half of their genes, so the 

correlation coefficient is 0.5 for full siblings, 0.25 for half siblings, and 0.125 for cousins. Half cousins 

were excluded from our analytic sample because their relationship coefficient of additive genetic may 



© 2019 American Medical Association. All rights reserved.  9 

vary from 0.015 to 0.125 by specific relationship.  We defined the shared environmental effect as the 

effect of unique environment created by the parents for all of their children, so the relationship 

coefficient of shared environmental effect is 1 for full siblings and maternal half siblings, and 0 for 

paternal half siblings and cousins. An assumption behind this approach is that children lived with their 

mothers after a divorce and separation from the father, an assumption frequently made in these types of 

models; this is also the rationale of excluding half-siblings in our analytic sample. 

For the maternal effect30, we aimed to estimate the liability contributing from each maternal phenotype 

by assuming a relationship coefficient of 1 for full siblings and maternal half siblings, 0.5 for maternal 

parallel cousins, and 0 for other types of cousins and paternal half siblings. Non-shared environmental 

effects were residuals, which represent the unique risk factors exposed by each individual, the 

correlation coefficient is 0 for all relativeness pairs and 𝜎𝑒
2 = 1 for ease of calculation. 

eTable 4. Assumed Genetic and Environmental Correlations between Relative Pairs 

Pair type                  Variance component 

Additive 

Genetic Effects 

Shared 

Environmental 

Effects 

Maternal 

Effects 

Non-shared 

Environmental 

Effects 

Full sibling 0.5 1 1 0 

Maternal Half Sibling 0.25 1 1 0 

Paternal Half Sibling 0.25 0 0 0 

Maternal Parallel Cousin 0.125 0 0.5 0 

Other Cousin 0.125 0 0 0 

To illustrate how the correlation matrices are calculated, we give an example of a ‘maternal parallel 

cousin family’ with four children (two from each nuclear family) whose mothers are sisters. For the 

saturated model (ACME model), the correlation matrices can be written as: 

𝑅𝐴 = (

1 0.5 0.125 0.125
0.5 1 0.125 0.125

0.125 0.125 1 0.5
0.125 0.125 0.5 1

) ;  𝑅𝐶 = (

1 1 0 0
1 1 0 0
0 0 1 1
0 0 1 1

) ; 

𝑅𝑀 = (

1 1 0.5 0.5
1 1 0.5 0.5

0.5 0.5 1 1
0.5 0.5 1 1

)  𝑅𝑒 = (

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

) 
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For model (1), marginal probability will be calculated as: 

𝑃(𝑌𝑖 = 𝑦𝑖|𝑥𝑖) = ∫ 𝑝(𝑦𝑖|𝑥𝑖 , 𝑏𝑖)|𝐷𝑖(𝜃)|−𝑞 2⁄ exp {−
1

2
𝑏𝑖

′𝐷𝑖(𝜃)−1𝑏𝑖} 𝑑𝑏𝑖 

                                                     = 𝐸𝑏𝑖
{∏ 𝑝

𝑖𝑗

𝑦𝑖𝑗(1 − 𝑝𝑖𝑗)
1−𝑦𝑖𝑗

𝑗 }  

                                                     = 𝑃(𝑙𝑖𝑗 < 𝑉𝑖𝑗 < 𝑢𝑖𝑗) for jth ‘family’ structure,   (3) 

where 𝑞 is the dimension of 𝑏𝑖, 𝑉𝑖𝑗 ≡ 𝑍𝑗 − 𝑧𝑖𝑗
′ 𝑏𝑖 (Zj’s are independent standard normal variates). The 

upper bound 𝑢𝑖𝑗 = {
𝑥𝑖𝑗

′ 𝛽 , 𝑖𝑓𝑦𝑖𝑗 = 1  

∞,     𝑖𝑓 𝑦𝑖𝑗 = 0 
and lower bound 𝑢𝑖𝑗 = {

−∞,     𝑖𝑓𝑦𝑖𝑗 = 1  

𝑥𝑖𝑗
′ 𝛽 , 𝑖𝑓 𝑦𝑖𝑗 = 0 

. 

In our primary analysis, we aggregated ‘families’ by the configuration of family size, family type, sex, 

birth year cohort and ASD outcome, so there are M unique family configurations, and 𝑤𝑗 ‘families’ 

with the same configuration j=1, 2…, M. 

Let 𝑓𝑖(𝑦𝑖, 𝑥𝑖 , 𝛽, 𝜃) ≡ 𝑃(𝑌𝑖 = 𝑦𝑖|𝑥𝑖), 

                             𝑙 = ∑ log 𝑓𝑖(𝑦𝑖, 𝑥𝑖 , 𝛽, 𝜃) = ∑ 𝑤𝑗log 𝑓𝑗(𝑦𝑗 , 𝑥𝑗 , 𝛽, 𝜃)𝑀
𝑗=1

𝑁
𝑖=1 , 

A Monte-Carlo algorithm was employed to compute the probability in (3) for evaluation, and variance 

component estimates for each random effect was optimized correspondingly31,32. Likelihood based two-

sided 95% confidence intervals were obtained for each component; lower (𝜎𝐿
2) and upper (𝜎𝑈

2)  bounds 

were used to calculate 95% confidence intervals for the fraction of variation explained. 

The fraction of variation explained by i’th random effect and its conservative two-sided 95% 

confidence interval is calculated as 
𝜎𝑖

2

𝜎𝑖
2+∑ 𝜎𝑗

2
𝑗≠𝑖

 (
𝜎𝑖𝐿

2

𝜎𝑖𝐿
2 +∑ 𝜎𝑗𝑈

2
𝑗≠𝑖

,
𝜎𝑖𝑈

2

𝜎𝑖𝑈
2 +∑ 𝜎𝑖𝐿

2
𝑗≠𝑖

) and so be skewed due to 

transformation. Heritability, in this case, was estimated as ℎ2 =
𝜎𝐴

2

𝜎𝐴
2+𝜎𝐶

2+𝜎𝑀
2 +𝜎𝑒

2  (two-sided 95% 

confidence interval:
𝜎𝐴𝐿

2

𝜎𝐴𝐿
2 +𝜎𝐶𝑈

2 +𝜎𝑀𝑈
2 𝜎𝑒

2,
𝜎𝐴𝑈

2

𝜎𝐴𝑈
2 +𝜎𝐶𝐿

2 +𝜎𝑀𝐿
2 𝜎𝑒

2), where 𝜎𝑒
2 = 1 for the saturated ACME-model33.  

In our model, shared environmental effect is assumed to capture all environmental risk created by the 

children’s parents, so it is only shared by full siblings – not by cousins. ‘Maternal effect’ is used to 

describe the association between maternal phenotype with offspring’s ASD/AD13. 
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The coefficient of additive genetic correlation was assumed to be 0.5 for full siblings and 0.125 for 

cousins29,34. We assumed the shared environmental correlation to be 1 for full siblings and 0 for 

cousins. We assumed the correlation coefficients of maternal effect to be 1 for full siblings, 0.5 for 

maternal parallel cousins (mPC) and 0 for other types of cousins. Our saturated model (Generalized 

Linear Mixed Model28) can be written  𝑃𝑟𝑜𝑏𝑖𝑡(𝑝𝑖) = 𝑥𝑖𝛽 + 𝐴𝑖 + 𝑀𝑖 + 𝐶𝑖 + 𝑒𝑖 with Gaussian random 

effects of additive genetic 𝐴𝑖 ∼ 𝑁(0, 𝜎𝐴
2), maternal 𝑀𝑖 ∼ 𝑁(0, 𝜎𝑀

2 ), shared environment 𝐶𝑖 ∼ 𝑁(0, 𝜎𝐶
2) 

and a residual term (usually labeled ‘non-shared environmental effect’) 𝑒𝑖 ∼ 𝑁(0, 𝜎𝑒
2). 𝑥𝑖 is the matrix 

for the fixed covariates and 𝛽 is the corresponding vector of parameters. For each country, the 

categorical covariates sex (male vs. female), birth year cohort (2006-2011 vs. 2000-2005 for Israel and 

2003-2007 vs. 1998-2002 for all other countries) were included as fixed factors. 

Additionally, we fitted two models with data combined from: 1) the Nordic countries since they are 

similar with respect to health systems and reporting registers; and 2) the Nordic countries plus Western 

Australia, all countries that could be combined. A third fixed parameter for country was added to the 

pooled models. The heritability (ℎ2) can be calculated as fraction of the total variation explained by 

variance component of additive genetic (A): ℎ2 =
𝜎𝐴

2

𝜎𝐴
2+𝜎𝑀

2 +𝜎𝐶
2+𝜎𝑒

2.  

Instead of relying on assumptions of estimates following an asymptotic normal distributions we 

calculated two-sided 95% confidence intervals using profile likelihood methods 31. We used R35 version 

3.1.2 (2014-10-31) on a Linux RedHat version 6.0 64-bit server for all calculations except Israel (R 

version 3.4.0 (2017-04-21)). 

Analytic Sample Ascertainment 

Structured families 

Paired cousin families: We divided the paired cousin families into cousins related through mothers, the 

maternal parallel cousins (mPCs), and other full cousins (paternal parallel cousins - pPCs and cross 

cousins - CCs)13. Only mPCs were identified separately because coefficient matrices of maternal effect 

only differ between mPCs and other full cousins. If there were included.  

Unpaired cousin families: The unpaired families were formed by full siblings who did not have any 

cousins identified. 
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We also applied some exclusions: Half cousins, i.e. children whose parents are half siblings, were 

excluded from the analytic sample because complex relativeness including exposure for additive 

genetic and maternal effects. Furthermore, we did not include maternal and paternal half siblings 

because models including half siblings would require assumptions that children did or did not live with 

their mothers or father. Moreover, even if this was indeed known, it would be difficult to distinguish 

maternal effects from shared environmental effects using half and full siblings only. An analysis similar 

to ours, using a large Swedish cohort (overlapping with our cohort) showed that estimates with and 

without half siblings are similar13. 

Three generation pedigree 

As described in the ‘Analytic samples and statistical models’ section from the main manuscript, we 

started with family pedigrees of three generations by identifying parent’s identification of cohort 

children and all available individuals from the registry. In a pedigree plot, black outline represents 

individuals outside the cohort and red represents in the cohort; square shape represents male and circle 

represents female, red filling represents positive diagnosis of ASD; within each generation, individuals 

are ordered from left to right by descending age. Exemplar eFigure 1 shows a three-generation family’s 

pedigree, for which all the third generation (A-generation) children are in the cohort (red outline) and 

one child A12 gets ASD (generated in kinship using R). In this example, among the second generation 

(B-generation), parent’s identification is not available for individual B62 and B02, while B61 and B05 

are sister and brother, B06 and B01 are sisters.  
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eFigure 1. Analytic Sample Ascertainment - Example 1. 

Truncation and replication during family structure construction 

Our liability model, as described above, requires specific data structure. The analytic unit is ‘family’ 

defined in the Methods-Analytic samples and statistical models section in the manuscript. It could be 

a ‘paired cousin family’ with children from two nuclear families, or an ‘unpaired family’ with full 

siblings only. To form such structured ‘family’, there are inevitable truncations and potential 

replications of children during sample data construction. Here we list as many scenarios as we 

anticipated and give examples to illustrate our procedure and potential pitfalls. 

1) Data truncation due to more than two full siblings at second (parents’) generation. For 

calculation purpose, each ‘family’ contains cousins from at most two nuclear families, 

truncation has been made to achieve such ‘families’ without been affected by family size at the 

parents’ generation. In exemplar eFigure 2, individuals B01, B02, B03 are full siblings, and all 

A-generation children are in cohort; however, to construct ‘family’ for analysis, we only select 

children of the oldest two full siblings, i.e., individuals A61, A62, A31, A32 to form a ‘paired 

cousin family’. This introduces data truncation of children from such families. 
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eFigure 2. Analytic Sample Ascertainment - Example 2. 

 

2) Data truncation due to exceeding maximum number (n=6) of children for each ‘family’. For 

families of large size, say more than three children from both nuclear families, we included 

three children from each nuclear family to minimize the size difference between the two nuclear 

families. In exemplar eFigure 3, child 1A14 and 1A24 were excluded from the analytic sample 

even though they were in cohort, and we selected three children from each nuclear family 

instead of two from the first and four from the second, or other combinations. 

eFigure 3. Analytic Sample Ascertainment - Example 3.

 

3) Data truncation due to half siblings among second (parents’) generation, i.e., half cousins. Half 

siblings at parents’ generation were excluded, child/children of one mother/father were 

randomly selected as potential parents of analytic sample. In exemplar eFigure 4, subject B01 
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was selected because the ID number of her father (C05) is larger than father of the other nuclear 

family (C04). Children A31, A32, A33, A40 were excluded from analytic sample. 

eFigure 4. Analytic Sample Ascertainment - Example 4.

 

4) Data replication due to relatedness of maternal and paternal lines. A child can have cousins from 

maternal and paternal side, so one can appear at most twice in our analytic sample. As defined 

‘family’ was the minimum analysis unit in the liability model, we considered that replication of 

such cohort children won’t affect independence of each sibling pair family. In exemplar eFigure 

1, children A31, A32, A33 appeared twice in two ‘paired cousin families’: once is with their 

paternal cousins A61 and A62, the other time is with their maternal cousins A12 and A13. 

5) Data replication due to ‘double in-law marriage’, i.e., a pair of siblings marries another pair of 

siblings. In examplar eFigure 5, subjects B01 and B05, B02 and B06 are two pairs of brothers 

and sisters, B01 married B02 and B05 married B06. In this situation, cohort children A12, A13, 

A31, A32, and A33 appeared twice in two identical ‘paired cousin families’. This situation is 

considered very rare and would not affect our model results in significant ways. 
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eFigure 5. Analytic Sample Ascertainment - Example 5. 

 

6) Data replication owing to ‘sister marries brother’. This case is very extreme and rare, only two 

families were identified across all sites and excluded from analysis. 

Statistical programs 

We used R35 version 3.1.2 (2014-10-31) on a Linux RedHat version 6.0 64-bit server for all 

calculations except Israel (R version 3.4.0 (2017-04-21) on a Linux/GNU 64-bit server through Ubuntu 

16.04). In particular, we used the packages data.table36 and reshape37 for data management and 

transposition, lme438 for generalized linear regression, mvtnorm39,40 to generate multi-normal 

distribution, survival41,42 to construct and plot inverse Kaplan-Meier curve, and ggplot243 for general 

plotting.  
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eAppendix 3: Sensitivity and Complementary Analyses 

We performed three sensitivity analyses. For Finland and WA, which had a small number of concordance 

pairs, we re-fitted the ACE model using half siblings instead of cousins. Since a lower prevalence could 

affect the heritability estimates44,45, we used data simulation reducing the number of ASD cases in the 

Swedish analytic sample to approximate prevalence rates in Finland and refitted the ACE model (see: 

eAppendix 3-Simulation). To illustrate the model robustness, we plotted the country specific likelihood 

functions of additive genetic (A) and shared environmental effect (C) for the ACE models (eFigure 17). 

We performed an extensive set of analyses to test the robustness of our results. Since the analytic 

sample used for the statistical models did not include the entire study cohort, we performed additional 

analyses (e.g., comparisons in characteristics associated with ASD/AD between different family pairs) 

to ensure that the analytic sample was representative of the study cohort (eTable 9-11). We also 

compared age-specific outcome ascertainment and follow-up pattern between countries by constructing 

country specific inverse Kaplan-Meier curves for ASD and AD assuming independent censoring 

(eFigure 10-11).  

Sensitivity analyses 

Finland and Western Australia had a small number of concordant cousin pairs, and we therefore re-

fitted the ACE model using half-siblings instead of cousins (eTable 5).   

Simulation 

To study the impact of ASD prevalence on model estimation, we randomly reduced the Swedish ASD 

prevalence to match the ASD prevalence in Finland in the cohort population. We chose Sweden as our 

sample cohort and ASD as the outcome because it had the largest sample size to tolerance losing cases. 

In the simulation, if the heritability estimate goes down and/or shared environmental effect increases, it 

will support arguments proposed by Tick et al.45 in their meta-analysis for autism and Sullivan et al.44 

for schizophrenia, and partially explain why Finland has lower heritability estimates. 

Simulation procedure: 

1) In the cohort population, calculate prevalence for Sweden (P0S) and Finland (P0F), and their 

ratio R=P0F/P0S. 

2) Generate a binomial distributed vector of 0 and 1 as PB=rbinom(NS,1,R), where NS is the 

number of children in Swedish cohort (rbinom is the R-function used for generating binomial 

data). 

3) Multiply Swedish binary ASD status vector ASD and PB to ascertain ASD_New.  
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4) Use ASD_New as ASD outcome for analysis, i.e., construct an analytic sample again and run 

our primary ACE model. 

In the simulation, we randomly remove some existing ASD cases without introducing new cases (only 

1 => 0, no 0 => 1) to match Finnish prevalence and keep the Swedish ascertainment in most possible 

way. However, this simulation is potentially affected by factors such as family size and structure and 

random errors from one-time simulation, thus could not reflect the real situation for Finland. Results 

from the simulation are presented in eTable 6. 

Complementary analyses 

Genetic and Environmental Contributions to AD  

We estimated genetic and environmental contributions to AD for Denmark, Finland, and Sweden only, 

because Israel did not have AD diagnosis and WA sample was too small (Table 1). Estimated 

heritability ranged between 79.5% and 84.6% in the AE model; 72.7% and 84.6% in the ACE model; 

and 74.4% and 79.0% for the ACME model. The heritability for the pooled Nordic countries samples 

ranged between 82.2% and 83.5% for the AE, ACE and ACME models (eTable 8, eFigure 7).  

Country-specific point estimates of maternal effects ranged between 0.5% and 5.3% in the ACME 

model, and the pooled estimate was 0.6%, but in all models the confidence intervals included zero 

(eTable 8, eFigure 14).    

Country-specific point estimates of shared environmental effect ranged between 0.4% and 10.6% in the 

ACE model; and 0.0%-0.6% in the ACME model. The estimates from the Nordic pooled sample were 

between 0.1% and 0.2% for the ACE and ACME models and the confidence intervals included zero 

(eTable 8, eFigure 14). The elevated estimate for Finland (10.6%) was only present in the ACE model 

and its corresponding two-sided 95% confidence interval was overlapped with the other countries. 

Country-specific non-shared environmental effect estimates ranged between 14.8% and 20.5% in the 

AE model; 15.1%-21.9% in the ACE model; and 19.8%-20.3% for the ACME model. The Nordic 

pooled estimate ranged between 16.4% -17.0% (eTable 8, eFigure 15). 

Since the analytic sample used for the statistical models did not include the entire study cohort, we 

performed additional analyses to ensure that the analytic sample was representative of the study cohort. 

First, we derived summary statistics of the cohort population (eTable 9). Then we calculated the 

ASD/AD-rate by age for the cohort population and the analytic sample for each country (eFigure 8-9). 

We didn’t include all risk factors in our liability model as we don’t think it would affect the estimates of 

variance component. Nevertheless, we described the distribution of these variables in cohort population 

for cousins and full siblings, across countries for: inter-pregnancy interval, mother’s marital status, 

maternal/paternal age at birth, education level, and psychological history (eTable 10).  
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Our results are based on comparisons of case concordance between cousins and full siblings; therefore, 

we examined factors (e.g., sex ratio, family size) with a potential to influence AD/ASD risk differently 

in these two groups of analytical samples (eTable 11). 
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eTable 5. Fraction of Variation Explained by Each Random Effect for Liability of Autism Spectrum 

Disorder (ASD) in Finland and Western Australia (WA): ACE Model, Using Half and Full Siblings. 

Population Random Effects (95% CI) 

Additive genetic (A) Shared environment (C) Non-shared 
environment (E) 

Finland 70.6% (46.5%, 86.2%) 9.4% (1.5%, 24.7%) 20.0% (11.3%, 36.5%) 

WA 59.3% (0.3%, 86.0%) 22.8% (5.1%, 66.4%)  17.9% (7.9%, 63.0%) 

Notes: WA: Western Australia; CI: confidence interval.  
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eTable 6. Comparison between Simulated Swedish Cohort Population with Lower Autism Spectrum 

Disorder (ASD) Prevalence and Finland: eAppendix 2-Simulation. 

Characteristics for Cohort Population and Analytic Sample 

Population Prevalence (per 1,000) 
for cohort population 

Prevalence (per 1,000) 
for analytic sample 

Sex ratio for analytic 
sample 

Simulated Sweden 6.91 6.31 2.78 

Finland 6.89 6.28 3.49 

A + C + E Model Estimates 

 Additive genetic 
effect 

Shared environmental 
effect 

Unshared 
environmental effect 

Population Variance Component (95% CI) 

Simulated Sweden 1.66 (1.38, 2.44) 0.09 (0, 0.17) 1 

Finland 1.61 (0.72, 3.97) 0.44 (0.24, 0.71) 1 

 Fraction of Variation Explained (95% CI) 

Simulated Sweden 62.0% (54.1%, 70.9%) 0.7% (0.0%, 6.8%) 37.3% (27.7%, 42.0%) 

Finland 50.9% (25.1%, 75.6%) 14.0% (0.0%, 28.6%) 33.6% (17.6%, 53.9%) 

Note:  CI: confidence interval. 
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eTable 7. Autistic Disorder (AD) Concordance Pairs by Genetic Relativeness in Analytic Sample. 

Relativeness 
Type 

Countries Total 

Denmark Finland Sweden Israel Western 
Australia 

Cousins 18 2 20 NA 1 41 

mPC 7 0 5 NA 0 12 

Full Siblings 20 13 91 NA 15 139 

Note:   NA: not available. 
Cousins: children (cousins and full siblings) in the ‘paired cousin families’. 
mPC: children (cousins and full siblings) in the ‘families’ based on maternal parallel cousin pairs. 
Full siblings: full siblings from all four types of ‘families’ defined base on relativeness. 

  



© 2019 American Medical Association. All rights reserved.  23 

eTable 8. Autistic Disorder (AD): Estimated Variance Components and Associated Two-sided 95% 

Profile Likelihood Confidence Intervals. All Estimates Are Recalculated to ‘Fraction of Variation 

Explained’. 

Model and Population Random Effects (95% CI)  

Additive Genetic 
(A) 

Shared 
Environment (C) 

Maternal (M) Non-shared 
Environment 

(E)  

Model 1: A + E 

Country Specific  

Denmark 84.6% (78.1%, 
88.5%) 

N/A N/A 15.4% (11.5%, 
21.9%) 

Finland 85.2% (78.9%, 
89.0%) 

N/A N/A 14.8% (11.1%, 
21.1%) 

Sweden 79.5% (78.3%, 
84.4%) 

N/A N/A 20.5% (15.6%, 
21.8%) 

Western 
Australia 

Not Converged 

Nordic Countries 
Combined 

83.3% (77.6%, 
87.5%) 

N/A N/A 16.7% (12.5%, 
22.4%) 

Model 2: A + C + E 

Country Specific  

Denmark 84.6% (69.7%, 
88.7%) 

0.4% (0.0%, 
11.2%) 

N/A 15.1% (10.6%, 
21.5%) 

Finland 72.7% (54.2%, 
81.0%) 

10.6% (3.8%, 
26.7%) 

N/A 16.7% (13.0%, 
24.5%) 

Sweden 76.3% (62.3%, 
83.0%) 

1.8% (0.0%, 
10.2%)  

N/A 21.9% (16.0%, 
30.6%) 

Western 
Australia 

Not Converged 

Nordic Countries 
Combined 

83.5% (72.8%, 
87.7%) 

0.1% (0.0%, 
5.5%) 

N/A 16.4% (11.9%, 
29.7%) 

Model 2: A + C + M + E 

Country Specific  

Denmark 74.4% (53.4%, 
82.3%) 

0.0% (0.0%, 
11.1%) 

5.3% (0.0%, 
16.1%) 

20.3% (13.9%, 
28.7%) 

Finland Model Not Applicable 

Sweden 79.0% (60.9%, 
84.8%) 

0.6% (0.0%, 
8.6%)  

0.5% (0.0%, 
8.3%) 

19.8% (13.8%, 
27.8%) 

Western 
Australia 

Model Not Applicable 

Nordic Countries 
Combined 

82.2% (69.6%, 
86.4%) 

0.2% (0.0%, 
3.7%) 

0.6% (0.0%, 
4.9%) 

17.0% (12.9%, 
24.1%) 

Notes:  
CI: confidence interval; N/A: not applicable; Nordic countries: Denmark, Finland, Sweden. 
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Fraction of Variation Explained: proportion of total variance explained by each random effect (details 
see eAppendix 2-Statistical models). 
Data from Israel was not used for AD analyses because AD diagnosis was not available.  
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eTable 9. Description of Cohort Population. 

Outcome Country Total 

Denmark Finland Sweden Israel Western 
Australia 

Number of 
Children 

626,246 552,061 949,927 224,198 252,482 2,604,914 

Sex 

Male 321,275 282,661 489,041 115,551 128,951 1,337,479 

Female 304,971 269,400 460,886 109,567 123,531 1,268,355 

Ratio 1.05 1.06 1.06 1.05 1.04 1.05 

Birth Cohort       

     1998-2002 316,090 272,033 444,514 121,934 121,634 1,276,205 

     2003-2007 310,156 280,028 505,413  102,264 130,848 1,328,709 

     Ratio 1.02 0.97 0.88 0.93 0.93 0.96 

Number of ASD 
cases 

9,583 3,801 14,554 920 1,276 30,134 

AD 3,623 933 6,355 NA 1,092 12,003 

% of ASD 37.8 24.5 43.7 NA 85.6 NA 

ASD sex ratio 3.58 3.61 2.79 4.68 3.91 3.21 

Children with missing identification information: Count (%) 

Mother 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Father 14,868 
(2.4) 

7,532 
(1.4) 

9,821 
(1.0) 

0 (0) 11,547 
(4.6) 

43,768 
(1.7) 

Maternal 
grandparent 

80,467 
(12.8) 

39,290 
(7.1) 

155,042 
(16.3) 

0 (0) 129,225 
(51.2) 

404,024 
(15.5) 

Paternal 
grandparent 

101,997 
(16.3) 

52,763 
(9.6) 

168,857 
(17.8) 

6 (0) 141,014 
(55.9) 

464,637 
(17.8) 

Notes: 
ASD: autism spectrum disorder; AD: autistic disorder; NA: Not available. 
For Israel, we reported number of children born between 2000-2005 and 2006-2011. 
Sex ratio: male: female ratio for ASD prevalence (per 1,000). 
For grandparent, any missing of grandfather or grandmother was considered as missing grandparent.  
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eTable 10.  Comparison of Cousins and Full Siblings in the Cohort Population. 

Variable Family type Country 

Denmark Finland Sweden Western 
Australia 

Average Maternal 
Age at Birth (year) 

Cousins 30.19 29.71 29.83 29.04 

Full Siblings 30.04 29.54 29.74 29.73 

Ratio 1.00 1.01 1.00 0.98 

Average Paternal 
Age at Birth (year) 

Cousins 32.45 32.03 32.13 32.048 

Full Siblings 32.66 32.02 32.54 32.34 

Ratio 0.99 1.00 0.99 0.97 

Median Inter-
pregnancy Interval 
(month) 

Cousins 23 23 36 21 

Full Siblings 22 19 30 18 

Ratio 1.05 1.21 1.20 1.17 

Proportion of 
married/partnered 
mother at birth 

Cousins 54.1% 90.3% NA 91.1% 

Full Siblings 59.9% 92.4% NA 94.8% 

Ratio 0.90 0.98 NA 0.96 

Average Maternal 
Education Level 

Cousins NA 4.04 4.33 NA 

Full Siblings NA 4.07 4.35 NA 

Ratio NA 0.99 1.00 NA 

Average Paternal 
Education Level 

Cousins NA 3.82 4.33 NA 

Full Siblings NA 3.85 4.08 NA 

Ratio NA 0.99 1.06 NA 

Proportion of 
Maternal 
Psychological 
History 

Cousins 11.1% 11.6% 15.5% 13.5% 

Full Siblings 11.0% 10.7% 14.5% 11.8% 

Ratio 1.01 1.08 1.07 1.14 

Proportion of 
Paternal 
Psychological 
History 

Cousins 15.5% 13.6% 11.0% 13.5% 

Full Siblings 14.4% 12.4% 10.8% 11.8% 

Ratio 1.08 1.10 1.02 1.14 

Notes: 
NA: not available. 
Israel was not included in this table because the covariates information is not available. 
Cousins: singleton children born between 1998-2007 with cousin(s) in the cohort, different from analyzing data 
structure. 
Full siblings: singleton children born between 1998-2007 with full sibling(s) in the cohort, different from 
analyzing data structure. 
Ratio: ‘cousins’ vs. ‘full siblings’ ratio.  
Education level: 0=Pre-primary level of education, 1=Primary level of education, 2=Lower secondary level of 
education, 3=Upper secondary level of education, 4=Post-secondary non-tertiary, 5=First stage of tertiary 
education, 6=Second stage of tertiary education; valid range 0-6 (ISCED-97 CODES).   
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eTable 11. Comparison of Cousins and Full Siblings in the Analytic Sample. 

 Variable Family type Country 

Denmark Finland Sweden Israel Western 
Australia 

Sex ratio Cousins 3.63 3.52 2.77 5.11 3.88 

Full Siblings 3.69 3.42 2.89 4.75 4.17 

Ratio 0.98 1.03 0.96 1.08 0.93 

AD proportion of 
ASD 

Cousins 35.4% 24.3% 40.7% 100% 82.4% 

Full Siblings 34.7% 23.2% 40.2% 100% 83.4% 

Ratio 1.02 1.04 1.01 1.00 0.99 

Proportion of 
ASD cases born 
between 2003-07 

Cousins 36.2% 34.4% 37.2% 49.0% 38.8% 

Full Siblings 36.7% 33.8% 37.5% 51.8% 38.5% 

Ratio 0.99 1.02 0.99 0.95 1.01 

Average family 
size 

Cousins 3.31 3.49 3.32 4.20 3.53 

Full Siblings 2.23 2.36 2.21 2.64 2.35 

Ratio 1.48 1.48 1.50 1.59 1.50 

Average age 
difference 

Cousins 4.36 4.36 4.34 6.05 4.42 

Full Siblings 3.35 3.30 3.18 4.63 3.18 

Ratio 1.30 1.32 1.37 1.31 1.39 

Notes:  
Sex ratio: male: female ratio for ASD prevalence (per 1,000).  
Cousins: children from the ‘paired cousin families’.  
Full siblings: full siblings from the ‘paired cousin families’ and ‘unpaired cousin families’.  
Ratio: ‘Cousins’ to ‘Full siblings’ ratio. 
AD: autistic disorder; ASD: autism spectrum disorder. 
For Israel, we reported the proportion of ASD cases born between 2000-2005. 
Age difference: largest age difference between cousins or full siblings. 
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eTable 12. Autism Spectrum Disorder (ASD): Liability Model Estimates - Variance Components. 

Model and Population Random Effects (95% CI) 

Additive Genetic (A) Shared Environment 
(C) 

Maternal  
(M)  

Model 1: A + E 

Country Specific 

Denmark 4.19 (2.86, 5.86) N/A N/A 

Finland 4.20 (2.73, 5.88) N/A N/A 

Sweden 5.27 (3.92, 7.38) N/A N/A 

Israel Not Converged 

Western Australia Not Converged 

Nordic Countries Combined 4.78 (3.79, 6.12) N/A N/A 

Model 2: A + C + E 

Country Specific 

Denmark 4.11 (2.91, 5.75) 0.00 (0.00, 0.19) N/A 

Finland 1.61 (0.72, 3.97) 0.44 (0.24, 0.71) N/A 

Sweden 5.62 (3.75, 7.82) 0.01 (0.00, 0.17)  N/A 

Israel 6.63 (3.00,   +∞) 0.01 (0.00, 0.30) N/A 

Western Australia 2.56 (1.28, 4.35) 1.20 (0.50, 2.21) N/A 

Nordic Countries Combined 4.65 (3.77, 6.08) 0.01 (0.00, 0.11) N/A 

Model 3: A + C + M + E 

Country Specific    

Denmark 3.83 (2.78, 5.36) 0.01 (0.00, 0.19) 0.02 (0.00, 0.28) 

Finland 1.52 (0.65, 3.73) 0.42 (0.21, 0.67) 0.05 (0.00, 0.29) 

Sweden 4.65 (3.45, 6.50) 0.00 (0.00, 0.17) 0.08 (0.00, 0.32) 

Israel Not converged 

Western Australia Not converged 

Nordic Countries Combined 4.50 (3.60, 5.80) 0.02 (0.00, 0.10) 0.03 (0.00, 0.17) 

Notes:  
CI: confidence interval; Nordic Countries: Denmark, Finland, Sweden; N/A: not applicable. 
Variance component for non-shared environmental effect (E) is not shown in the table as it was set to 
be 1.  
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eTable 13. Autistic Disorder (AD): Liability Model Estimates - Variance Components. 

Model and Population Random Effects (95% CI) 

Additive Genetic 
(A) 

Shared Environment (C) Maternal 
(M)  

Model 1: A + E 

Country Specific 

Denmark 5.48 (3.56, 7.67) N/A N/A 

Finland 5.75 (3.74, 8.05) N/A N/A 

Sweden 3.88 (3.60, 5.43) N/A N/A 

Israel N/A 

Western Australia Not Converged 

Nordic Countries Combined 5.00 (3.46, 7.00) N/A N/A 

Model 2: A + C + E 

Country Specific 

Denmark 5.16 (3.65, 7.86) 0.02 (0.00, 0.58) N/A 

Finland 4.36 (2.83, 5.32) 0.63 (0.25, 1.40) N/A 

Sweden 3.49 (2.27, 4.89) 0.08 (0.00, 0.32)  N/A 

Israel N/A 

Western Australia  Not Converged  

Nordic Countries Combined 5.11 (3.36, 7.15) 0.01 (0.00, 0.25) N/A 

Model 3: A + C + M + E 

Country Specific    

Denmark 3.66 (2.38, 5.13) 0.01 (0.00, 0.43) 0.26 (0.10, 0.65) 

Finland N/A 

Sweden 3.99 (2.59, 5.58) 0.03 (0.00, 0.34) 0.03 (0.00, 0.33) 

Israel N/A 

Western Australia N/A 

Nordic Countries 
Combined 

4.84 (3.14, 6.36) 0.01 (0.00, 0.16) 0.04 (0.00, 0.21) 

Notes:  
CI: confidence interval; Nordic Countries: Denmark, Finland, Sweden; N/A: not applicable. 
Variance component for non-shared environmental effect (E) is not shown in the table as it was set to 
be 1. 
Data from Israel was not used for AD analyses because AD diagnosis was not available.  
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eTable 14.  Autism Spectrum Disorder (ASD): Liability Model (ACE) Estimates - Fixed Parameters. 

Model Covariates (95% CI) 

Sex 
(Female as reference) 

Birth Cohort 
(2003-2007 vs. 

 1998-2002) 

Country 
(Denmark as 

reference) 

Country Specific  

Denmark 0.50 (0.49, 0.51) -0.21 (-0.22, -0.20) N/A 

Finland 0.44 (0.42, 0.45) -0.22 (-0.24, -0.20) N/A 

Sweden 0.40 (0.39, 0.41) -0.24 (-0.25, -0.23) N/A 

Israel 0.51 (0.48, 0.55) 0.08 (0.04, 0.13) N/A 

Western Australia 0.46 (0.42, 0.49) -0.15 (-0.20, -0.11) N/A 

Nordic Countries Combined 

Denmark 0.44 (0.43, 0.44) -0.23 (-0.24, -0.22) N/A 

Finland -0.32 (-0.33, -0.30) 

Sweden -0.00 (-0.01, 0.01) 

 

Notes:  
CI: confidence interval; N/A: not applicable. 
For Israeli cohort, the birth years were from 2000 to 2011, the comparison was conducted between 
2006-2011 vs. 2000-2005. 
  



 

© 2019 American Medical Association. All rights reserved.  31 

eTable 15. Autistic Disorder (AD): Liability Model (ACE) Estimates - Fixed Parameters. 

Model Covariates (95% CI) 

Sex 
(Female as reference) 

Birth Cohort 
(2003-2007 vs. 

 1998-2002) 

Country 
(Denmark as 
reference) 

Country Specific  

Denmark 0.46 (0.44, 0.47) -0.06 (-0.08, -0.05) N/A 

Finland 0.44 (0.42, 0.45) -0.22 (-0.24, -0.20) N/A 

Sweden 0.38 (0.36, 0.38) -0.09 (-0.10, -0.08) N/A 

Western Australia Not Converged 

Nordic Countries Combined 

Denmark 0.40 (0.39, 0.41) -0.09 (-0.09, -0.08) N/A 

Finland -0.40 (-0.42, -0.39) 

Sweden -0.04 (-0.04, 0.05) 

 

Notes:  
CI: confidence interval; N/A: not applicable. 
Data from Israel was not used for AD analyses because AD diagnosis was not available.  
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eFigure 6. Autism Spectrum Disorder (ASD): Variance Component Estimates (Two-sided 95% Profile 

Likelihood Confidence Interval), Recalculated to ‘Fraction of Variation Explained’. ACE Model for 

Israel and Western Australia. 

 
Notes: CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal 
effect; E: non-shared environmental effect. 
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eFigure 7. Autistic Disorder (AD): Estimated Additive Genetic Effect (Two-sided 95% Profile 

Likelihood Confidence Interval). All Estimates Recalculated to ‘Fraction of Variation Explained’. 

 
Notes: CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal 
effect; E: non-shared environmental effect. 
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eFigure 8. Autism Spectrum Disorder (ASD): Probability vs. Birth Year for the Cohort Population (Dotted Line) and the Analytic Sample 

(Solid Line). 
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eFigure 9. Autistic Disorder (AD): Rate (per 1,000) vs. Birth Year for the Cohort Population (Dotted Line) and the Analytic Sample (Solid 

Line). 

 
Note: Data from Israel was not used for AD analyses because AD diagnosis was not available. 
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eFigure 10. Autism Spectrum Disorder (ASD): Country Specific Inverse Kaplan-Meier Curve vs. Age 

(Years). 

 
Note: Data from Israel was not used because year of diagnosis was not available.  
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eFigure 11. Autistic Disorder (AD): Country Specific Inverse Kaplan-Meier Curve vs. Age (Years). 

  
Note: Data from Israel was not used for AD analyses because AD diagnosis was not available.  



 

© 2019 American Medical Association. All rights reserved.  38 

eFigure 12. Autism Spectrum Disorder (ASD): Estimated Shared Environmental and Maternal Effect (Two-sided 95% Profile Likelihood 

Confidence Interval). All Estimates Are Recalculated to ‘Fraction of Variation Explained’. 

 
Notes: CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal effect; E: non-shared environmental 
effect. 
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eFigure 13. Autism Spectrum Disorder (ASD): Estimated Non-shared Environmental Effect (Two-sided 95% Profile Likelihood Confidence 

Interval). All Estimates Are Recalculated to ‘Fraction of Variation Explained’. 

 
Notes: CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal effect; E: non-shared environmental 
effect.  
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eFigure 14. Autism Spectrum Disorder (ASD): Estimated Variance Components (Two-sided 95% Profile Likelihood Confidence Interval). 

All Estimates Are Recalculated to ‘Fraction of Variation Explained’. ACE model for Israel and Western Australia. 

 

Note: CI: confidence interval.  
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eFigure 15. Autistic Disorder (AD): Estimated Shared Environmental and Maternal Effect (Two-sided 95% Profile Likelihood Confidence 

Interval). All Estimates Are Recalculated to ‘Fraction of Variation Explained’. 

 
Notes: WA: Western Australia; CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal effect; E: non-
shared environmental effect. WA was not presented in the figure because the AE and ACME models did not converge. Israel was not 
included for AD analyses because AD diagnosis was not available. 
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eFigure 15. Autistic Disorder (AD): Estimated Non-shared Environmental Effect (Two-sided 95% Profile Likelihood Confidence Interval). 

All Estimates Are Recalculated to ‘Fraction of Variation Explained’. 

Notes: WA: Western Australia; CI: confidence interval; A: additive genetic effect; C: shared environmental effect; M: maternal effect; E: non-
shared environmental effect. WA was not presented in the figure because the AE and ACME models did not converge. Israel was not 
included for AD analyses because AD diagnosis was not available.
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eFigure 16.  Likelihood Functions for the Additive Genetic (A) and Shared Environmental (C) Effect 

in the ACE Model for Autism Spectrum Disorder (ASD). 

 
Notes:  
The exact numbers for the confidence intervals are found in eTable 12.  
Crossing between likelihood function and the vertical dotted reference line give the two-sided 95% 
profile likelihood confidence intervals.  
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